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(54) POTOPHO-nOPUJHEBAJl MAUJMHA 

(57) PecjDepaT: 

McnojibaoBaHne: e KaMecTse 

npeo6pa30BaTeneM rennoBOM SHepmn b 
MexaHUMecKyio Hacoca, KOMnpeccopa, 
pacxoflOMepa mjim Aoaaropa. CyinHOCTb 
M3o6peTeHMyi: bo BHyrpeHHUx nepeceKaHDinnxcfl 
nonocTflx CTaropa, BbinoriHeHHbix b bmas reji 
BpaLneHMJi, pasMeineHbi nopiUHH c Topi^oBbiMH 

KpMBOnHHeMHblMM nOBepXHOCT5qMl/l , 

KHHeMaTMMecKH CBfiaaHHbie Me>KAy coSom m 
fiBJifliOLi^Mecfl BaanMHbiMM aaMbiKaienyiMH. B 



Ka>KflOM nape nonocreM, v\Me\oin,v\x oamh oSli^mm 
o6TDeM, pasMeineHbi nopiUHM, y KOTopbix yrribi 
Me>Kfly KacarejibMbiMM nonocTAMU b TOHKax 
KacaHUfl M njiocKOCTflMM, napajiJiejibHbiMM 
njiocKocmM Bpau^eHMfl vi npoxoAnLi^i<iMM Mepes 

TOMKM KacaHMfl TOpi^OBblX HOBepXHOCTeR , 

onpeAejiflK)! saAaHHbiMM Bbipa>KeHM$iMi<i. 
ConpuKacaioLJmMecfl b o6ineM o6-beMe 6oKOBbie 
paAnanbHbie noeepxHOCTH nopiUHeM 
BbinojiHeHbi B BHA© Hacrei^ 6oKOBbix 
noeepxHocxeM Toponfloe. 2 mi. 
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(54) ROTARY PISTON MACHINE 

(57) Abstract: 

FIELD: conversion of thermal energy to 
nnechanical energy of pump, compressor, 
flowmeter or proportioner. SUBSTANCE: 
arrangecj in inner crossing chambers of 
stator made in form of bodies of revolution 
are pistons with cun/ilinear end surfaces 
which are kinematically linked together and 
are used as mutual contactors. Arranged in 
each pair of chambers having one common 



volume are pistons whose angles between 
tangential chambers at points of contact and 
planes parallel to planes of rotation and 
passing through points of contact of end 
surfaces are determined by preset 
expressions. Lateral radial surfaces of 
pistons which are get in contact in common 
volume are made in form of parts of lateral 
surfaces of toroids. EFFECT: enhanced 
reliability. 2 dwg 
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M3o6peTeHMe OTHOcnTCfi k 

MaiiJMHOCTpoeHMK), a MMGHHO K yCTpoRCTBaM 

poTopHo-nopiuHeBoro Tuna, npeAHasHaMeHHbiM 
ATI?! McnonbsoBaHMfl e KaMecTee 
npeo6pa30BaTeneM rennoBOM sHepmn b 
MexaHMMecKyK), a raioKe b KanecTBe Hacoca, 
KOMnpeccopa, pacxoflOMexpa nnn flosaropa. 

MasecTHa poTopHO-nopiuHeBafl MamnHa 
luecTepeHHaToro Tuna, coAep>Kainafl Kopnyc, b 

KOTOpOM BbinOJlHeHbl flBe L\HnMHflpMMeCKMe 

nonocTM c napannenbHbiMn ocjimi/i, 
o6pa3yHDLHMe o^innPi o6"beM b Mecre 
nepeceMeHMfl; b nonocTflx paaiweii^eHbi c 

B03M0>KH0CTbK) BpaLi^eHM^I ABa 

BsanMOfleMCTByiomMX 3y6MaTbix poTopa. 

KpoMe Toro, nsBecreH poTopHo-nopiuHeBoPi 
flBurarenb, coAep>KaLJLJiMM Kopnyc c pa6oMeM 
Kaiy/iepoM, o6pa30BaHHOM AByivin 
nepeceKaioLi^MMkicn L^i<iJikiHApi^HecKMMi<i 

nOBepXHOCmMM, V\ CHa6>KeHHblM OKHaMM 

ra30o6MeHa, Asa ycTaHOBneHHbix Ha 
napajinejibHbix Banax m HaxoA^iLi^Mxcyi b 
3ai4enneHMH poTopa (BeAyi-UMPi m BSAOMbiM) 
cooTBercTBeHHO c 3y6b?iMM M BnaAHHaMM 
LiMKnonAa-nbHoro npocjDun?!, BbinojiHeHHbiMn 
CHapy>KM n BHyrpn Ha^anbHbix OKpy>KHOCTeCi; b 
Kopnyce OTAenbHO atia Ka>KAoro poTopa 
BbinonHGHbi BnycKHbie m BbinycKHbie OKHa, 
nepeAHne m saAHne kpomkm KOTopbix onepMeHbi 
no npocjoMJiK) BnaAHH coot BercT By lo Libera 
poTopa, a ymoBoe paccTOflHue or 6nM>KaMUjeM 
nnHMM nepeceMeHMfl unnnHAPHMecKnx 
noBepxHOCTei^ ao tohkh Ha KpoMKe oma no 
KpaMHBM Mepe paBHO ymoBOMy paccTOfiHi/ito 
Me>KAy coceflHUMM ay^bJiMM cooTBeTCTBywDLnero 
poTopa MJin ujupuHe snaAUHbi poTopa, 

MSMepeHHOM no OnHCaHHOM OKpy)KHOCTM. 

nono>KMTenbHbiMH KaMecTBaMU ananoroB 
flBJiflRDTCfl Mononb30BaHMe cjDnryp Bpaii^eHnyi npn 
co3AaHMM pa6oHMX opraHOB BHyTpeHHUx 
nojiocTeW cTaropoB m 3y6HaTbix poTopoB m 
TOJibKO BpaLnarenbHoe ABM>KeHMe poTopoB npn 

MX CtDyHKI4MOHMpOBaHMM. 

HeAOCTaTKaMM ussecTHbix 
poTopHO-nopujHeBoCi MaiuMHbi ki 

poTopHO-nopiuHeBoro ABurarenfl flsnyiioTCfi: 
Manoe nsMeHeHne nepeivieHHoro o6-beMa Me>KAy 

BSaMMOAeMCTByHDlUMMM 3y6b?1MM pOTOpOB M3-3a 

HeB03M0>KH0CTM co3AaHHfi HaAe>KHoro 
3anMpaHMfl og-beMa Me>KAy hmmi^ npM rny6oKOM 
npoHMKHOBeHMM 3y6beB OAHoro poTopa bo 
BnaAUHbi Me>KAy 3y6bfiMM Apyroro; 3annpaHMe 
nepeMeHHoro o6-beMa TOJibKo aa cmbt KacahUM 
no nnHMfiM pe3KO OTnnHaK)Li4Mxc5q npM 3tom no 
KpuBMSHe noBepxHOCTePi saanMOAeMCTByioLUMX 
yMacTKOB poTopoB, MTO cnocoScTByeT 

B03HMKH0BeHMI0 KaBHTai^MH H pa3pyLiJeHmO 3TMX 
nOBepXHOCTeW M COOTBeTOTBeHHO OHM>KeHMK) 

HaAe>KHOCTM B pa6oTe n3BecTHbix ycrpoMCTB; 
OTcyrcTBue npuHyAMTenbhoro BcacbiBanna m 
yAaneHUfl pa6oMero rena, nepenoc MacTH 
npoAyKTOB cropaHUfl or BbixoAHoro OKHa k 
BXOAHOMy BnaAnnaMM Me>KAy 3y6bJiMM poTopoB 
n TeM caMbiM Manoe Mcnojib30BaHMe SHeprnn 
pacLunpeHM?!, TaK KaK nocne BbixoAa na 
3aL\enrieHMfi 3y5beB poTopoB pa6oMee reno 
pacLUMpjieTCfl, He nponsBOAfl nonesHOM pa6oTbi. 

l/l3BecTHa poTopHO-nopiuHeBain MauuMHa, 
npuHfliafl 3a npoTOTun, cop,epiKaus,af\ CTarop c 
BHyrpeHHUMn nepeceKaioiuMMMcyi nojiocTJiMM, 
BbinojiHeHHbiMM B BMAe Ten BpaLueHUfi, m 
pa3MeLAeHHbiMM b hmx nopujHyiMM, 

S\Bnf\\Oin,V\M)AC9\ B3aMMHblMl/1 3aMblKaTen$1Ml1 M 
KHHeMaTMMeCKM CBfl3aHHblMM Me>KAy CO6OM, 
Kananbi noABOAa OTBOAa pa6oHeM cpeAbi. 



HeAocraTKM M3BecTHOM poTopno-nopiuHeBOM 
MaiJJMHbi B TOM, MTO He oSecne'^MBaeTCfl 
Heo6xoAMMayi Ann CKopooTHOM pa6oTbi 
LieHTpoBKa paSoMMX opraHOB (cTaTMMecKa?i m 
AMHaMUHecKan 6anaHOMpoBKa), TaK KaK iJ,eHTp 
Mace AyroBbix nopiiiHeM KaK no OTflenbHOCTH, 
TaK n BMBCTe He coBnaAaeT c nx ocbHD 
BpameHHSR. KpoMe Toro, nannHne AsycTopoHHUx 
CKOCOB TopL^OB Ayroo6pa3Hbix nopiUHet^, 
Heo6xoAHMoe atia bo3mo>khoctm CMenbi 
nopiuHeM B AByx o6lhmx o6"beMax 
nepeceKaK)LU,MXC5q TopoMAanbHbix nonocTeM, ne 
no3BonyieT oGecnennTb nonnoe 3aMbiKaHMe 
(nepeKpbiTi/ie) o6laiix o^-beMOB b MOMeHTbi 
OMeHbi B HMX Ayroo6pa3Hbix nopiuHet^, »^TO 

CHM>KaeT HaAe>KHOCTb CjDyHKI^MOHUpOBaHHyi 

nasecTHOM poTopHo-nopiuHeBoPi MamnHbi i/i ne 
noaBonneT coaAaTb KaMepy cropaHUfl p^9\ 
flBMrarenfl BHyTpeHhero cropaHUfi (flBC). 

TexHMHecKOM aaA^HeC^ M3o6peTeHi/i;i 
flBnflercfl noBbimeHne HaAe>KHOCTM MamnHbi b 
pa6oTe M yMeHbLueHMe BM6paL^MM nyTeM 
o6ecneMeHMfl nonnoro m nocTOJiHHoro 
3aMbiKaHM5R o6Li^ero o6-beMa nepeceKaioLi^nxcyi 
nonocTeM m ocymecTBneHHJi CTaTHMecKOM n 
AMHaMMHecKOM 6anaHCMpoBKM paSoHMX opraHOB. 

flnfl 3Toro B poTopHO-nopiuHeBoC^ MamuHe, 
cx3Aep>KaiAeC^ CTaTop c BnyTpeHHUMn 
nepeceKaKDLAMMMC?! nonocTJiMn, BbinonnenHbiMM 
B BMAe Ten BpaLiJ,eHnyi c pa3MeLiJ,eHHbiMM b hmx 

nopUJHflMM, MMeKDLAMMM TOpL\OBbie CKOCbl M 

KMHeMaiMMecKM 0Bfl3aHHbiMM Me>KAy oo6ot^, 

^Bn^llOLl^l/IMMCfl B3aMMHblMM 3aMbiKaTenqMM, M 

Kananbi noABOAa m OTBOAa paSonew cpeAbi, 
Ka>KAa5i napa ynoMS^HyTbix nonocTeM, MMeHDmux 
OAMH 06LAMM o6-beM, coAepxMT nopujHM c 

OAHOOTOpOHHe OKOLUeHHblMM TOpL^OBblMM 

noBepxHOCTJiMM, ymbi ckocob Koropbix b roMKax 
KacaHMfl saAatoTcn Bbipa>KeHMfiMM 
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U=Fj+Fj; TAe n nepeAaTOHHoe OTHOLueHne 
KMHeMaTMHeCKOfi CBf13H Me>KAy nopiuHfiMM; 

Pj M Tj paAnycbi-BeKTopbi, npoBeAennbie ot 

i-OM M j-OM OCeM BpaU^eHMfl nopHIHSM AO TOMKM 

KacaHMfl MX Topi^oBbix noBepxHocreC^ b oSiAeM 
o6-beMe; 

U yron BsamviHoro nepeceHeHMsq nonocTeM; 
Bbipa>KeHMe r\- Tj CKanfipnoe npoM3BeAeHMe 

BSKTOpOB; 

Bbipa>KeHMerj| MOAynb BeKTopa, TO'^KM 
KacaHMJi pacnono>KeHbi na renMKOMAanbHbix 
noBepxHOCTflx, a conpMKacaioLAMecfl b oCiAeM 
o6-beMe 6oKOBbie paAManbHbie noBepxHOCTM 
nopLLiHst^ BbinonneHbi b bmab nacTeR 6oKOBbix 
noBepxHOOTeM topomaob, npMHeM MMcno 
nopujHeM, pacnono>KeHHbix b Ka>KAOM m3 
BHyTpeHHMX nonocTeM, ne Menee Asyx m 

BbinonHeHbl ohm B BMAB CMMMeTpMHHblX 
OTHOCMienbHO MX OCM BpaLL^SHMfl M OCM 

BHyrpeHHeM nonocTM 3y6HaTbix poropoB, )KecTKO 
CB5q3aHHbix o BanaMM. 

yKa3aHHbie MaTeMaTMMecKMe Bbipa>KeHi/ifi 
nonyneHbi npM aHanM3e BeKTopoB CKopocTeM 
KacaioLAMxcyi tombk poropoB npM ycnoBM^x: 
HsnpepbiBHocTb nMHMM KacaHMSi M nepeceneHMe 
e\o o^mero o6"beMa TaKMM o6pa30M, MTo6bi 
CMe>KHbie nepeMeHHbie o6-beMbi 6binM 
nonHOCTbK) pasAeneHbi; OTcyTCTBMe 

3aKnMHMBaHMyi poTopoB M nnaBHoe 
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pacxo>K/;eHMe KOHTaKTMpyioLi^MX noeepxHocreM c 

BOSHMKHOBeHHeM AOCTaTOHHO npOTfl>KeHHblX 

Manbix sasopoB b^jimsm jimhmm KacaHMfi. 

CoBOKynHOCTb yKaaaHHbix npusHaKoe 
eAUHCTBeHHbiM o6pa30M nosBOJifler AOCTHHb 
oflHoepeMeHHo KaMecTeeHHoro aannpaHUfl 
o6LL^ero o6-beMa nopujHflMM m mx CTaTMHecKoW m 
Ai^HaMMMecKoii 6ariaHCMpoBKM. 

/!lyroo6pa3Hbie nopiuHki MSBecTHoC^ 

pOTOpHO-nopiUHeBOt^ MaLUMHbl OCyiAeCTBJlfllOT 

nojiHoe saMbiKaHne o6ihmx o6-beMOB m tgm 
caMbiM nepeMeHHbix o6"beMOB, noKa 3tm o6LHMe 
oSiseMbi saHflTbi TOJibKO OAHMM nopiLiHeM. 
flBycTopoHHuW CKOC TopuoB Ayroo6pa3Hbix 
nopiiJHeW no3BonyieT mm CMeHJiTb Apyr Apyra 
OAHOBpeMeHHO B 060MX o6mnx o6-beMax, ho npM 
3TOM oSiAne oSiseMbi saMbiKaioTcsq tojibko 
HanonoBMHy n BOSHMKaei cBJiab Me>KAy 

TOpOMAanbHbIMM nOJlOCTflMM. OTKaa OT 

ABycTopoHHero b nojibsy OAHOCTopoHHero CKOca 
Topi^OBbix noBepxHOCTeC^ nopiuHeM noasonyieT 

L^eJlMKOM M nOCTOflHHO nepeKpblBaib 06Li^MM 

o&heM nepeceKaKJiAMXcfl nonocreM, OAHaKO npn 
3TOM HeB03M0>KH0 ocyLnecTBMTb CMGHy nopLUHew 
B 060MX 06LHHX o6"beMax na-aa saKJinHUBaHU?! 

nopiLIHeM B OAHOM M3 HUX, T. 0. AonycTMM 

TOJibKO OAMH o6lam« o6-beM, noAo6HO TOMy, KaK 
3TO BbinojiHGHO B aHanorax. riocneAHee 
orpaHMHeHne BneneT aa co6om nepeKpeinMBaHne 
oceM BpaLiJ,eHMJi nopiuHeM BMecTO mx 
^epece'^eHH^^ m BbinonHeHne TopL\OBbix 
noBepxHocreW nopiuHei^ HennocKHMH, a 
BMHTOBbiMM, rejiMKOMAajibHoro Tuna. OAHaKO 
nocneAHee o6cTO?iTejibCTBO (pasHeceHne ocgm 
BpaineHMJi nopujHeM) noasonyieT BbinojiHUTb nx 
He Ayroo6pa3HbiMM, mapHnpHO CBfiaaHHbiMM c 
MydpToiA, cocTOJiLAeCi us ccjDepuMecKnx 
noABM>KHbix cerMeHTOB, a b bmab aySMaibix 

pOTOpOB, >KeCTKO COeAMHeHHblX CO CBOMMM 

BanaMM. Mmcjio 3y6beB poTopoB BbiSnpaeTOfl ne 
MBHee AByx, mto m nosBOJiJieT BbinojiHUTb stm 
3y6MaTbie poTopbi cuMMerpuMMbiMn 

OTHOCMTenbHO CBOMX oceM Bpaii^eHi/ifi M 
c6ajiaHCMpoBaHHbiMH 6e3 npoTHBOBecoB. 
EjiaroAapn BHemHeMy KOHiaKTMpoBaHMio 

3y6MaTblX pOTOpOB M OTCyTCTBMtO 

Heo6XOAHMOCTM COeAHHeHMfl C eAMHCTBeHHOM 
Myc|3TOM CB?13H, HMCJIO BSaHMOAeMCTByHDlUMX 
pOTOpOB (M CCOTBeTCTBeHHO BHyTpeHHMX 

nojiocTeW) He oSjiaaTejibHO ABa, npuMeiw 

KMHeMaTMMeOKafl CBfl3b Me>KAy HMMM B CBOK) 

OMepeAb BbinojiHena cuMMerpuMHoC^ m 
c6anaHCMpoBaHHOM OTHOcnTenbHO cbomx oceM 
BpaineHMJi B BMA© BanoB n aySnarbix luecTepeH. 
TaK KaK 3y6MaTbie poTopbi b o6LneM o6"beMe 

KOHTaKTHpyWDT CBOMMH paAHajlbMblMM SOKOBbIMM 

noBepxHOCTflMM, KorAa oh 3aHflT u,enmoM 

TOJibKO OAHMM pOTOpOM, TO 3TM paAMaJlbHbie 
nOBepXHOCTM B CBOHD OHepeAb 06fl3aHbl 

npenyiTCTBOBaTb nepereKaHMK) pa6oMero lena 
BAonb no noBepxHociyiM KacaHM5R, mo 

B03M0>KH0, eCJlM OHM npeACTaBJlflHDT CO6OM 

MacTM 6oKOBbix HOBepxHOCTeM TaKMX ct)Mryp 

BpaiAeHMfl, KaK TOpOMA MJIM OAHOnOJlOCHblM 

rMnepSojiOMA. 

B pesynbiaie pa6oMMe opraHbi 
npeACTaBJiflKDT co6om 3y6HaTbie poTopbi, 

CMMMBTpMMHbie OTHOCMTejlbHO CBOMX OCeW 

BpaiASHMfl M coAep>KaLAMe yKasannbie 

noBepxHOCTM. OrpaHMHeHMe o eAMHCiBeHHOcTM 
oSLnero o6"beMa y nepeceKaK)LLi,MXC5q nonocTeM 
nerKO ycipaH^ieTCsq nyreivi BseAeHi/iFi 
AonojiHMTenbHbix aHanomMHbix BHyipeHHUx 
nonoGTeM co cbommm ay^MarbiMn poTopaMM n 
MMeMDLAMX no OAHOMy oSineMy o6i3eMy c 



MMBHDLi^MMMCfl HOJlOCTflMM M (npM 

Heo6xoflMMOCTM) MejKfly C060C1. 

3ct)ct)eKTMBHOCTb nopujHeBbix MaiLiMH BcerAa 
saBMcejia ot HaAe>KHocTM aaMbiKatoiAMX 
nepeMeHHbie o6-beMbi ycipoMCTB. TaK an9\ 
6ojibLJJMHCTBa nopujHeBbix MaUJMH G 
KpMBOLUMnHO-iuaTyHHbiM MexaHMSMOM, KorAa 
nopmeHb coBepiuaeT TOJibKO B03BpaT- 
HO-nocTynaTBJibHoe ABM>KeHMe, HaMJiyniuMM 
pemeHMeM OKasajiocb npMMeneHMe npyxMHHbix 
nopiLiHeBbix Koneu,. OAHaKO TaM, rAe nopmeHb 
GOBepLuaer eine n spainaTejibHoe ABM>KeHMe, 
ajibTepHaTMBbi nopmneBbiM KOJibL\aM ne 
HaiLiJiocb. riosTOMy npo6jieMa naMJiyMiuero 
3anMpaHMfl nepeMeHHbix o6-beMOB bo Bcex 
cjiynayix pemaeTCfl KOHKpeTHO npMMeHMienbHo k 
AaHHOMy ycrpoMCTBy. B oghobhom sto 
noAnpy>KMHeHHbie 3acjioHKM, CKOJib3flLi^Me b 
nasax poTopa mjim CTaTopa, mapHMpHbie 
sacjioHKM, ycTanoBJieHHbie na poTope, mjim 

3aCJ10HKM, BpaiHafOLAMecyi CMHXpOHHO c poTopoM 
Ha GBOMX G06GTBeHHblX OCflX. TaK B 

poTopHO-nopLUHSBOM ABMTaTejie BaHKejiJi b 
yrnax ipeyronbHoro poropa yGTanoBiieHbi 
noAnpy>KM- HeHHbie KOHiaKTHbie 3aGnoHKM, 
CKOJib3flLAMe no noBepxHOCTM BHyTpeHHeM 
nojiocTM CTaTopa m o6ecneMMBaK)iAne 
pa3AejieHMe CMe>KHbix o6-beMOB TOJibKO no 
jiMHMM KacaHM?!. TeM He Menee, HecMoipH na 
ycMJiMe npM>KMMaK)Li^MX npy>KMH, iJ,eHTpo6e>KHbix 
CMJi M AonojiHMTenbHbix cmji ot AaBJieHM?i ra30B, 
Ha6jiK)AaeTCfl OTpbiB aacnoHOK ot npocjDMJifl 
CTaTopa npM npoxo)KAeHMM mmm yqacTKOB 
ipoxoMAbi c oipMUiaTenbHOM kpmbmshom, a 
ynnoTHflKDLUMe aacnoHKH McnbiTbiBawDT 
3HaHMTenbHbie anaKonepeMeHHbie Harpy3KM. 
TaKafl neperpy>KeHHOCTb ynjioTHeHMM CBfl3aHa 
eiAe M c TeM, mto npocjoMJiM CTaTopa m 
TpeyrojibHoro poTopa pe3Ko oTJiMMaraTCJi no 

KpMBM3He. 

B npeATiaraeMOM poiopHO-nopiuHeBOM 
MaujMHe OTcyicTByioT ynnoTHJiioLUMe 
ycipoMCTBa. SaMbiKanne o6-beMOB 

ocyiAecTBJifleTCfl TOJibKO 3a cmbt KacaHMM 
conpnraeMbix noBepxHOCTeM m npMMbiKaKsii^MX k 
hmm npoTfi>KeHHbix Majibix 3a3opoB, 

B03HMKaK)LAMX p^AOM C HUMM M3-3a MailOM 

pasHMi^bi B KpuBMSHB conpjRraeMbix 
noBepxHOCTeM. FlpoBeAenHbie c noMoiAbK) 
MaTBMaTMMecKoro MOAejiMpoBaHM^ Ha 3BM 
MccjieAOBaHMfl no3BOJiMJiM onpeASJiMTb Knaccbi 
M xapaKTepMCTMKM Bcex conparaeMbix 
noBepxHOCTeM MaLUMHbi, KOTopbie OKaaajiMCb 
TOpOMAaJlbHblMM MJIM rMnepGojioMAHbiMM Ha 
paAManbHbix m reriMKOMAanbHbiMM na Topu^oBbix 
noBepxHOCTfix syBbee poxopoB, npuMeivi: 

MMCJIO nepeceKajouuMxcfl nojiocTBM c 
pacnojio>KeHHbiMM b hmx 3y6MaTbiMM poiopaiviM 
MO>KeT 6biTb yBejiMMeno, ecjiM ohm SyAyi 
aHanorMMHbi c MMeK)inMMMC?i m nepeceKaibcsi c 
HMMM noA cooTBexcTByioLUMMM ymaMM, a poxopbi 

CMHXpOHM30BaHbl B CBOBM BpaiAeHMM C 
MMeiOLAMMMCfl, npMHBM LUMpMHa 

nepeceKaraiAMXcyi nojiocTBM MO>KeT 
pa3JiMMaTbcyi; 

pacnonoKeHMeM BnycKHbix m BbinycKHbix 
KanajioB mo>kho peryjiMpoBaxb A^BJieHMe b 30He 
o6LAero oe-beMa b MOMeHTbi CMenbi 3y6beB 
poTopoB; 

ymoBbie paccTO^HMfl, cooTBeTCTByioiAMe 
3y6b5qM poTopoB M BnaAMHaM Me>KAy hmmm, 

Moryr paajiMMajbca. 

Ha cjDnr. 1 M3o6pa>KeHa npeAnaraeiviajq 
poTopHo-nopLUHeBafi MaiuMHa c AsyMJi 
OAMHaKOBbiMM BsaMMHO nepneHAHKyjiflpHbiMM 
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3y6HaTbiMM poTopaMM, npeACTaeneHo ceneHne 
MaiUMHbi no ocM poTopa 4 nnocKocTbio, 
nepneHAHKynflpHOM k ocm poTopa 5; Ha c|DMr.2 to 
>Ke, ceHGHne MamnHbi no ocm poTopa 5 
njiocKocTbK), nepneHflMKynyipHOM k ocm poTopa 
4. 

PoTopHO-nopujHeBaji MaujMHa coAepxMT 
crarop 1 c nepeceKatoLUMMMC?! BHyrpeHHMMM b 
BMAe Ten BpaineHM?i nonociyiMM 2 m 3, 
HanpMMep nofl yrnoM 90°, m o6lmmm o6iDeMOM, 

pa3MeLIJ,eHHblMM B HMX KMHSMaiMMeCKM 
CB?13aHHblMM Me>KAy CO6OM 3y6MaTblMM 
pOTOpaMM 4 M 5 C OflHOCTOpOHHMM CKOCOM 

TopL^OBbix noBepxHOCTeC^ 3y6beB 6, \a KaHanbi 
noABOAa 7 m 8 m OTBOAa paSo^eC^ cpeAbi 9 m 10. 

YCTpOMCTBO KMHSMaTMHeCKOM CB?13M B BMflG 

sySnaTbix luecTepeH 1 1 Ha Banax poTopoB 1 2 m 
13, repMeTHHecKM naonMpoBaHO ot nonocTeM 2 m 
3. 

PoTopHO-nopLUHesafl MaiunHa paSoTaer 

cneAyfoiUMM oSpasoM. 

ripM CMHXpOHHOM ABM>KeHMM B yKaSaHHblX Ha 

cjDMr.l M 2 HanpaeneHMflx 3y6byi poTopoB 4 m 5 
nooMepeAHO aannpaiOT o6ihmm o6"beM, 
o6pa30BaHHbiM 3a CMer nepeceMSHMjq 
BHyrpeHHMX nonocreM 2 m 3, npM nioSbix 
pa3peLijeHHbix KMHeMaiMMecKOM CBfl3bK) Me)KAy 
poTopaMM (b a^hhom cnyMae KMHeiviaTMHecKayi 
CBfi3b ocyLAecTBneHa nocpeACTBOM kohmmsckmx 
LuecTepeH 11) nono>KeHM5Rx, b tom HMcne m npM 

OAHOBpeMGHHOM HaXOKflGHMH 3y6beB pOTOpOB B 

o6ineM o6i3eMe. Ha c|3Mr.1a npeACTaBJieHO 
TaKoe BsanMHoe nono>KeHMe poTopoB, KorAa 
BepxHMM syBnaTbiii poTop 4 saHfin 06L14MM o6"beM 
M pa3AenMn BepxHtoto nacTb BnyrpeHHeM 
nonocTM 3, pacnojio>KeHHyio Me>KAy 3y6bfiMM 5, 
Ha ABa nepeMeHHbix o^-beiuia neBbit^ m npaBbit^. 
PaSoMee reno (opeAa), nonyMeHHoe npn 
BHeujHeM cropaHMM, noAaercfi no snycKHbiM 
KananaM 7 m 8. B M3o6pa>KeHHOM nojio>KeHMM 
poTopoB 4 M 5 BnycKHOM Kanan 7 nepsKpbiT 
3y6oM poTopa 4 m pa6oMee reno BjeKaex TonbKO 
no KaHany 8, OKasbieajq flaBneHne KaK Ha oceByio 
noBepxHOCTb aaMbiKaioLi^ero poTopa 4 m na 
noBepxHOCTM craropa, raK m Ha 6oKOByK) 
paAManbHyK) noBepxHOCTb m TopuoByio 
noBepxHOCTb 6 3y6MaToro poTopa 5, Bbi3biBafl 
BpaiASHMe ero no yKa3aHHOMy HanpaBneHMto, 
TaK KaK Bce CMJibi AasneHMfl, Kpoiwe 
OKa3biBaeMoCi Ha TopL^OByio noBepxHocTb 6 
poTopa 5, ypaBHOBeiueHbi cuinaMM peaKi^Mf^ b 
noAUJMnHMKax BanoB 12 m 13. TaKMM o6pa30M 
poTopbi 4 M 5 BpaLnawDTC?! B yKa3aHHbix 
HanpaBJieHMfix, npMMeM 3y6HaTbiM poTop 4 
BpaiMaercfl aa cner ycujinfl, nepeAaBaeMoro 
KMHeMaTMHeCKOM CBflSbK). l/l3-3a Bpau^eHMfl 
poTopa 5 B JieBOM nacTH pasAeneHHoC^ nonocTM 
3 ocyiAecTBJifieTCfl npM 3tom BbirecHeHMe 
OTpaSoTaBLuero pa6oHero rena b BbinycKHOM 
Kanan 10. HM>KHsqsq MacTb nonocTM 3, 
saKntoMeHHasq Me>KAy TopLi,oBbiMM 
noBepxHOCT^MM 6 3y6HaToro poTopa 5, 
coAepxMT oTpa6oTaBLuee pa6oMee rejio, 
KOTopoe npM BpameHMM nepeHocnTCJi k 
BbinycKHOMy Kanany 10. noAo6Hafi cMTyaL\Mfl 
npoAon>KaeTC5R ao rex nop, noKa b oSiAeM 
o6-beMe He coMAyicfl TopuoBbie nosepxHOCTM 6 
060MX 3y6HaTbix poTopoB 4 M 5. Topi^OBbie 
noBepxHOCTM npocKonbSHyT Apyr no Apyry, 
aaMbiKafl npM stom o6lumm o6"beM 3a CMer nMHMM 
B3aMMHoro KacaHM?! M npoT?i>KeHHbix Manbix 
aaaopoB OKono hmx, mto cneAyer m3 
MccneAOBaHnC^, npoBeAeHHbix nyreiw 
MaTeMaTMHecKoro MOAejinpoBaHUfl na 3BM, 
paani/mHbix BapnaHTOB npoi^ecca CMenbi 



3y6^aTbix poTopoB 4 m 5 b o6Li^eM oSiieMe b 

COOTBeTCTBMM C npHBeAeHHblMM BblLUe 

ypaBHeHMflMM, yAOBJieTBopeHkie Koropbix 
o6ecneMMBaeT KaMecTBeHHoe 3anM panne 
o6iJL^ero o6-beMa m GecnpenflTCTBeHHoe 
BpameHne poTopoB 4 n 5 6e3 saKnHHueaHUfi. 

riocne CMeHbi poTopoB b o6LU,eM o6-beMe 
OTKpbiBaeTCfl BnycKHOM Kanan 7 m pa6oHee reno 
HaHMHaer nocTynarb bo BHyrpeHHfOK) nonocTb 2, 
OKasbiBafl AasneHMe na TopL\OByK) noBepxHOCTb 
6 3y6HaToro poTopa 4. Flocne aroro noBTopqrcyi 
Bce npoi^eccbi, onMcannbie BbiLue no 
OTHOLueHMHD K poTopy 5, HO TonbKO Tenepb 
OTHeoeHHbie k 3y6MaTOMy poTopy 4, a 3y6MaTbiC^ 
poTop 5 6yAeT Bpau^arbCfl aa CMer ycnnnfl, 
nepeAaBaeMoro KMHeMaiMMecKOM cB^sbJo ot 
poTopa 4 K poTopy 5. B nonocTM 2 npoMSOMAST 
CHanana pacLunpeHne pa6oHero lena, 3aTeM 
nepeHoo ero k BbinycKHOMy Kanany 9 n Aanee 
MHTeHCMBHoe BbirecHeHMe ero b BbinycKHOM 
KaHaji 9. 

TaKMM o6pa30M, co3AaeTCfi npaKTMHecKM 
nocTOJiHHoe bo BpsMeHM Aasnenne na CMcreMy 

3y6MaTbix poTopoB 4 M 5 B HanpaBneHMM 
BpaLLi,eHMfl. fln?i ocymecrBneHM?! psBepca 
Heo6xoAMMO paSoHee reno BBOAMTb b Kanan bi 9 

M 10 M BbUeCHflTb B KaHaJlbl 7 M 8. 

Ot6op moluhoctm npoM3BOAMTC5i c BanoB 1 2 
M 13 3y6MaTbix poTopoB M (nnn) ycTpoC^CTBa 

KMHeMaTMHBCKOM CByi3M B SaBMCMMOCTM OT 
KOHKpeTHOM KOHCTpyKI4MM. 

ripn noABOAe MexaHMHeoKot^ aHeprnn k 
poTopaM 4 ui 5 npi/i mx Bpau^eHMM no yKa3aHHbiM 
HanpaBneHMfiM poTopno-nopiuHeBafi MaujMHa 
6yAeT BbinonnyiTb ponb nacoca MnM 
KOMnpeccopa, TorAa Kananbi 7 m 8 OKa>KyTC5i na 
OTopoHe HMSKoro AaBneHM^, a Kananbi 9 n 10 na 
OTopoHe BbicoKoro AaBnennfl, npn peBepoe 
Hao6opoT. 

CneAyer oTMermb, hto npn moSoM pe>KMMe 
pa6oTbi nepeMeHHbie o6-beMbi, BoaHMKawDiuMe 
B6nM3M o6Lnero o6"beMa, OAHOBpeiweHHO m no 
OMepeAM BbinonH5qK)T crporo onpeAenennbie 
c|DyHKL\MM nM6o pacLunpeHne, nM6o BbiTecHeHne. 

rio cpaBHeHkiio c poTopHO-nopiiiHeBOM 
MaLUMHoW-npoTOTi/inoM, npeAnaraeMafl MamnHa 
o6ecneMMBaeT: 

OTCyrCTBMe BM6paL\MM BBMAy TOrO, HTO 

pa6o'^^le opranbi poTopno-nopiuHeBOM MaiiiMHbi 
M KuiHeMaTM<^ecKMe cpeACTBa CB^aii 9\Bns\\OTC9\ 
OMMMeTpMMHbIMM H c6anaHOMpoBaHHbiMM 
OTHOCMTenbHO CBOMX oceM BpaLneHMsq BHyrpn 

pOTOpHO-nopiJJHeBOM MaUJMHbl M He coBepiuaiOT 

BOSBpaTHO-nocTynarenbHbix nM6o nnanerapHbix 

ABMXeHMM; 

npM AOCTMmyTOM bncokom yposne b 
TOMHocTM MaroTosneHMfi ASTaneM pa6oMMX 
opranoB poTopHO-nopujHeBbix MaiUMH, b 
npeAnaraeMOM poTopHO-nopiuHeBOM MaiUMHe 
Bce ynnoTHeHM^i pa6oMMx opranoB bo3MO)kho 
ocymecTBMTb TonbKO aa cner Manbix 3a3opoB 
fla)Ke 6e3 MacnfiHbix nnoHOK b hmx; 

6e3yAapHoe BsaMMOAewcTBne paSo^nx 
opraHOB OTKpbiBaer B03M0>KH0CTb npuMeheHMfl 
KOMnosm^MOHHbix MaxepnanoB. 

OopMyna i/i3o6peTeHM5i: 

POTOP HO-nOPLUHEBAi^ MALUHHA. 
coAep>KaLMafi crarop c BHyrpeHHMMM 
nepeceKaHDiuMMMCfl nonocryiMM, BbinonHeHHbiMM 

B BMAe Ten BpaLiJ,eHMyi, pa3MeLiJ,eHHbie b hmx 

nopUJHM C TOpueBbIMM KpMBOnMHeMHbIMM 
nOBepXHOCTflMM, KMHOMaTMHeCKM CBflaaHHbie 

Me>KAy co6ot^ M s\Bn9\\oiny\ecs\ BaanMHbiMM 
saMbiKaren^MM, m Kananbi noABOAa m orBOAa 
pa6oMeC^ cpeAbi, ornMMaioLi^aficfl rsM, Mro b 
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KSDKAofi nape ynoMflHyibix nojiocreCi, MMeioLi^MX 
oAi^H o6ii\\A\^ o&hQM, pasMeii^eHbi nopLUHM c 

TOpi^eBblMM KpMBOJIMHeMHblMM nOBepXHOCTflMM, y 

KOTopbix ymbi Me>Kfly KacaTenbHbiMn 

nnocKOCTHMM B TOHKax KacaHnyi m njiocKOCTyiMM, 
napannenbHbiMM nnocKOCTfiM BpaLiJ,eHM?i 
nopujHe^i M npoxoA?iLi^nMM Mepea tohkm KacaHUfl 
KpuBOJiMHePiHbix TopueBbix noBepxHOCTeM, 
saAaioTCf) Bbipa>KeHMnMM 

C nr — r > *r 
F = ArccDS 



npM 



F +F cn/z 



.Mr. I 



Cr —me* > •r- 
J ± J 

arccos -| ■ — | r 

linr. — r . I • Ir . I 



X J n-u npM F +F >n/'2, 
' i J 

TAB n nepeAaroHHoe OTHOLueHne 
KMHeMaTHMecKOM CBsqsM Me>KAy nopujHPMn; 

fj, rj-paAnycbi-BeKTopbi, npoBeAeHHbie or i-W 
M j-M oceM BpaLiJ,eHM?i nopiuHeM ao tohkm 
KacaHUJi MX TopiJ,eBbix noBepxHocreM b o6Li^eM 
o6"beMe; 

U yron BpaineHMjq nepeceneHMPi nonocTeM; 
n ■ fj CKanfipHoe nponsBefleHne eeicropoB, 
1^ I MOAynb BeKTopa, 

a conpuKacaiou^Mecfl b o6ineM o6-beMe 
6oKOBbie paAnanbHbie noBepxHOCTH nopiuHeR 
fff BbinojiHeHbi B BMAe MacTeJ^ 6oKOBbix 

nOBepXHOCTeM TOpOHflOB. 
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alternatively close off the common enclosure formed by the 
intersection of cavities (2,3). 
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